











chemical	 weathering,	 diffusion,	 and	 deep	 N	 fluxes	 imposed	 by	 plate	 tectonics.	 However,	 the	11	
behavior	 of	 nitrogen	 during	 subduction	 is	 the	 subject	 of	 ongoing	 debate.	 There	 is	 a	 general	12	
consensus	that	during	the	crystallization	of	minerals	from	melts,	monatomic	nitrogen	behaves	like	13	
argon	 (highly	 incompatible)	 and	 ammonium	 behaves	 like	 potassium	 and	 rubidium	 (which	 are	14	
relatively	less	incompatible).	Therefore,	the	behavior	of	nitrogen	is	fundamentally	underpinned	by	15	
its	 chemical	 speciation.	 In	 aqueous	 fluids,	 the	 controlling	 factor	which	determines	 if	 nitrogen	 is	16	
molecular	 (N2)	 or	 ammonic	 (inclusive	 of	 both	 NH4+	 and	 NH30)	 is	 oxygen	 fugacity,	 whereas	 pH	17	
designates	if	ammonic	nitrogen	is	NH4+	and	NH30.	Therefore,	to	address	the	speciation	of	nitrogen	18	
at	 high	 pressures	 and	 temperatures,	 one	 must	 also	 consider	 pH	 at	 the	 respective	 pressure–19	
temperature	 conditions.	 To	 accomplish	 this	 goal	 we	 have	 used	 the	 Deep	 Earth	 Water	 Model	20	
(DEW)	to	calculate	the	activities	of	aqueous	nitrogen	from	1-5	GPa	and	600-1000	°C	in	equilibrium	21	
with	 a	 model	 eclogite-facies	 mineral	 assemblage	 of	 jadeite	 +	 kyanite	 +	 quartz/coesite	22	




D.A.	 2014.	 Nature.	 Geoscience	 7,	 816–819).	 In	 addition,	 we	 have	 carried	 out	 full	 aqueous	27	
speciation	 and	 solubility	 calculations	 for	 the	more	 complex	 fluids	 in	 equilibrium	with	 jadeite	 +	28	
pyrope	+	kyanite	+	diamond,	and	 for	 fluids	 in	equilibrium	with	 forsterite	+	enstatite	+	pyrope	+	29	
diamond.	30	
Our	 results	 show	 that	 the	 pH	 of	 the	 fluid	 is	 controlled	 by	mineralogy	 for	 a	 given	 pressure	 and	31	
temperature,	and	that	pH	can	vary	by	several	units	in	the	pressure-temperature	range	of	1-5	GPa	32	
	 2	
and	 600-1000	 °C.	Our	 data	 show	 that	 increasing	 temperature	 stabilizes	molecular	 nitrogen	 and	33	
increasing	pressure	stabilizes	ammonic	nitrogen.	Our	model	also	predicts	a	stark	difference	for	the	34	
dominance	 of	 ammonic	 vs.	 molecular	 and	 ammonium	 vs.	 ammonia	 for	 aqueous	 nitrogen	 in	35	
equilibrium	 with	 eclogite-facies	 and	 peridotite	 mineralogies,	 and	 as	 a	 function	 of	 the	 total	36	
dissolved	 nitrogen	 in	 the	 aqueous	 fluid	where	 lower	 N	 concentrations	 favor	 aqueous	 ammonic	37	
nitrogen	stabilization	and	higher	N	concentrations	favor	aqueous	N2.	38	





and	 thus	N	 flux,	 and	 should	be	 considered	a	 significant	 factor	 in	high	 temperature	geochemical	44	












of	 samples	 (e.g.	Marty	 et	 al.,	 2013;	 Som	 et	 al.,	 2012;	 2016).	 Consequently,	 in	 order	 to	 address	57	






Sverjensky,	 2014;	 Barry	 &	 Hilton,	 2016;	 Zerkle	 &	 Mikhail,	 2017).	 As	 a	 result,	 there	 is	 no	64	
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-1	 log	 units	 relative	 to	 the	 Quartz-Fayalite-Magnetite	 buffer	 reaction	 (QFM)	 the	 speciation	 of	84	

















protonation	 reactions	 can	 buffer	 the	 pH	 of	 the	 fluid	 to	 different	 values	 (e.g.,	 whether	 the	101	
protonation	 reactions	 are	 governed	 by	 the	 log[αMg2+/(αH+)2]	 or	 log[αNa+/αH+]).	 Herein	 we	102	
investigate	the	role	of	a	hypothetical	mineralogy	(for	stoichiometry)	on	fluid	pH	by	presenting	the	103	





by	 applying	 the	 Helgeson-Kirkham-Flowers	 (HKF)	 equations	 of	 state	 (Helgeson	 and	 Kirkham,	109	





in	 deep	 Earth	 systems	 (e.g.,	 lower	 crust,	 upper	 mantle,	 and	 subduction	 zones).	 However,	 the	115	
dielectric	constant	of	water	has	recently	been	constrained	≤6	GPa	(Sverjensky	et	al.,	2014a),	which	116	
enables	 an	 extension	 of	 the	 P-T	 range	 for	 the	 application	 of	 the	 HKF	 equations	 of	 state	 for	117	
aqueous	species	up	to	≤6	GPa	and	≤1200°C	(Pan	et	al.,	2013;	Facq	et	al.,	2014;	Sverjensky	et	al.,	118	
2014a).	 As	 a	 result,	 it	 is	 now	 feasible	 to	 determine	 the	 speciation	 of	 aqueous	 ions,	 metal	119	
complexes,	neutral	species	and	minerals	across	conditions	akin	to	the	pressure	and	temperature	120	
pathway	followed	by	a	subducted-slab	from	Earth’s	surface	to	a	depth	of	approximately	150	km	121	
using	 the	 Deep	 Earth	 Water	 (DEW)	 model.	 As	 previously	 described	 (Sverjensky	 et	 al.,	 2014b;	122	
Sverjensky	&	Huang,	 2015;	Mikhail	 &	 Sverjensky,	 2014),	 the	 DEW	model	 enables	 calculation	 of	123	








+	 kyanite	 +	 SiO2	 representing	 metasediment,	 and	 jadeite	 +	 pyrope	 +	 talc	 +	 SiO2	 representing	131	
metamorphosed	mafic	rocks)	at	pressures	of	1	and	5	GPa	and	temperatures	of	600	to	1,000°C.	The	132	
equilibrium	between	fluid	and	jadeite,	kyanite,	SiO2	enables	derivation	of	the	following	equations:	133	 2𝑁𝑎𝐴𝑙𝑆𝑖!𝑂!   +    2𝐻!    =    𝐴𝑙!𝑆𝑖𝑂!   +   3𝑆𝑖𝑂!   +    2𝑁𝑎!   +   𝐻!𝑂      	 (2)	134	
for	which																				𝑙𝑜𝑔𝐾! =   𝑙𝑜𝑔 !!"!!!!!!       	 (3)	135	
Assuming	pure	minerals	and	unit	activities	of	the	minerals	and	the	water	results	in		136	
																																		𝑝𝐻     =      !! 𝑙𝑜𝑔𝐾!     −    𝑙𝑜𝑔𝑎!"!      	 (4)	137	
For	 the	 mafic	 eclogite-facies	 mineral	 assemblages,	 equilibrium	 between	 the	 components	 of	138	
jadeite,	garnet,	talc	and	SiO2	enables	writing	139	 𝑀𝑔!𝑆𝑖!𝑂!"(𝑂𝐻)!  + 2𝑁𝑎𝐴𝑙𝑆𝑖!𝑂! +  2𝐻!  =  𝑀𝑔!𝐴𝑙!𝑆𝑖!𝑂!" +  5𝑆𝑖𝑂! + 2𝑁𝑎! + 2𝐻!𝑂      	 (5)	140	
for	which																		𝑝𝐻     =      !! 𝑙𝑜𝑔𝐾!     −    𝑙𝑜𝑔𝑎!"!      	 (6)	141	
Noteworthy,	SiO2	is	coesite	at	5	GPa	(600	&	1000	°C),		but	at	1	GPa	SiO2	is	stable	as	either	α-Qtz	142	
(600	°C)	and	β-SiO2	(1000	°C).	A	range	of	values	for	the	𝑎!"! 	from	0.01	to	1.0	were	used	in	Eqns.	143	




introduces	 small	 uncertainties	 on	 the	 scale	 of	 the	 plots	 shown.	 For	 example,	 a	 decrease	 in	 the	148	
activity	of	 jadeite	 in	Eqn.	 (4)	 from	1.0	 to	0.5	would	produce	a	decrease	 in	 the	pH	 in	Eqn.	 (6)	of	149	
0.30,	which	is	relatively	small	compared	to	the	range	of	Na+	activities	assumed.	Very	low	activities	150	
of	 jadeite	would	produce	a	bigger	effect	(e.g.,	 if	the	activity	of	 jadeite	were	reduced	from	1.0	to	151	
0.10,	the	pH	would	be	decreased	by	1.0	unit).	Furthermore,	by	applying	values	of	logK	calculated	152	





The	 boundaries	 between	 the	 various	 nitrogen	 species	 shown	 in	 Figs.	 1a-d	 depend	 on	 the	157	






by	mass	and	1.4	wt.%.	 This	 range	was	 selected	 in	order	 to	 simulate	a	wide	 range	of	 likely	 fluid	164	
compositions	 that	might	be	 found	 in	nature,	but	also	 to	constrain	 the	effect	of	N	concentration	165	
(order	of	magnitude	scales).		166	
Although	 nitrogen	 concentrations	 in	 aqueous	 fluids	 from	 the	 upper	 mantle	 are	 poorly	 known	167	
(because	 aqueous	 fluids	 from	 the	 upper	 mantle	 are	 rarely	 sampled),	 the	 concentrations	 in	168	
minerals	are	better	constrained.	We	cite	a	range	of	nitrogen	concentrations	measured	in	mantle	169	
rocks	 and	minerals	 to	 demonstrate	 the	 possibility	 that	 aqueous	 fluids	 in	 the	mantle	might	 also	170	
exhibit	a	wide	 range	of	nitrogen	concentrations.	For	example,	 typical	measurements	of	volcanic	171	
xenoliths	 and	basaltic	 samples	 are	 approximately	 0.1-10	ppm	by	mass	 (whole	 rock	 from	Marty,	172	
1995,	mineral	separates	from	Fischer	et	al.,	2005;	basaltic	glasses	from	Barry	et	al.,	2012),	and	the	173	
phlogopites	 ranges	 from	 7.6	 to	 25.7	 ppm	 by	 mass	 (Yokochi	 et	 al.,	 2009)	 and	 lithospheric	 and	174	
sublithospheric	 diamonds	 contain	 between	 <1	 to	 >10,000	 ppm	 by	mass	 N	 (Smart	 et	 al.,	 2011;	175	
Mikhail	et	al.	2014).	In	fact,	some	very	rare	mantle	xenoliths	and	diamonds	contain	fluid-inclusions	176	
of	 pure	 N2	 (Andersen	 et	 al.,	 1995;	 Smith	 et	 al.	 2014).	 Despite	 the	 fact	 that	 nitrogen	 is	 a	 trace	177	
component	 in	 material	 from	 shallow	 depths,	 typically	 sampled	 by	 volcanoes	 (see	 Johnson	 and	178	
Goldblatt	et	al.,	2016	for	a	review),	there	are	processes	(i.e.	metasomatism	and	melting)	that	can	179	
generate	 localized	 nitrogen-enrichment	 and	 render	 nitrogen	 a	 major	 volatile	 element	 in	 the	180	












The	 oxygen	 fugacities	 for	 peridotites	 in	 arc-mantle	 wedges	 (QFM	 to	 QFM	 +	 2)	 vs.	 the	 oxygen	192	








global	 range,	 and	 is	 not	 intended	 to	 represent	 any	 single	 geographical	 locality	 (i.e.,	 data	 from	201	
Tibetan	 and	 Greek	 obducted	 rocks	 are	 provided	 to	 illustrate	 the	 large	 range	 of	 fO2	 values	 in	202	
measured	subducted	assemblages).		203	




assemblages	 (metamorphosed	 mafic	 rocks	 +	 elemental	 carbon;	 this	 study).	 Importantly,	 the	208	





metasediments	 and	 mafic	 rocks	 (herein	 collectively	 referred	 to	 as	 eclogite-facies	 mineral	214	
assemblage;	 this	 study)	 is	 predicted	 to	 differ	 from	 aqueous	 nitrogen	 in	 equilibrium	 with	215	








the	 fluid	 is	 predicted	 to	be	N20.	 This	 temperature	 range	 is	 relevant	 to	modern	 arc	 systems.	 For	223	
example,	Syracuse	et	al.,	 (2010)	calculated	the	thermal	models	 for	204	slab	temperatures	 in	arc	224	
systems	on	the	Pacific	rim	and	found	the	range	to	be	301	to	987°C,	with	a	mean	of	789	±	76°C.	225	




(age	of	 slab,	 slab-dip,	 slab	 T	 beneath	 arc,	Moho	 T	 beneath	 arc,	 velocity	 of	 subduction)	 and	 the	230	
temperature	also	varies	significantly	with	distance	from	slab	surface	(in	both	directions;	Syracuse	231	
et	al.,	2010).	Furthermore,	because	geothermal	gradients	during	subduction	are	non-linear,	there	232	
are	 multiple	 degrees	 of	 freedom	 to	 explore.	 To	 examine	 this	 further,	 we	 direct	 the	 reader	 to	233	
Syracuse	et	al.	(2010).	Herein,	we	refer	to	cold	subduction	zones	as	those	with	a	thermal	gradient	234	
(at	the	slab	surface)	of	<10	ºC/km.		235	
A	 significant	 difference	 between	 cold	 and	hot	 subduction	 regimes	 are	 shown	more	 distinctly	 in	236	







(NH4+)	 in	 fluids	 in	 equilibrium	with	 the	 eclogite-facies	 assemblage	 while	 temperature	 increases	244	
from	 600-1000°C	 (Fig.2a-b).	 For	 the	model	 peridotite	 assemblage	 the	 relationship	 is	 similar	 for	245	
high	nitrogen	 concentrations,	where	molecular	 aqueous	nitrogen	 (N2)	 progressively	 increases	 in	246	
abundance	and	then	dominates	over	reactive	nitrogen	(NH4+),	but	importantly,	ammonia	is	always	247	
less	dominant	 than	what	we	 find	 for	 the	eclogite-facies	eclogites	assemblage	 (Fig.3b).	However,	248	
for	 low	N	concentrations	 in	equilibrium	with	 the	peridotite	assemblage,	ammonium	 is	 the	most	249	
abundant	species	across	all	temperatures	investigated	(Fig.3a).	Therefore,	the	hottest	subduction	250	
zone	 fluids	 at	 QFM-2	 are	 predicted	 to	 be	 dominated	 by	 N2	 at	higher	 N	 concentrations	 in	 both	251	
eclogite-facies	 (Fig.2b)	 and	 model	 peridotite	 (Fig.3b)	 assemblages,	 but	 at	 the	 lowest	 N-252	
	 9	
concentrations,	N2	 is	minor	 for	 both	 eclogite	 (Fig.2a)	 and	peridotite	 (Fig.3a)	with	 ammonia	 and	253	






This	 study	examines	 the	 role	of	pH	 in	 the	deep-Earth	nitrogen	cycle	at	 temperatures	 from	400-260	
1000°C	 and	 pressures	 of	 1-5	 GPa	 (Figs.	 1-3).	 We	 have	 calculated	 the	 pH	 for	 aqueous	 fluids	 in	261	
equilibrium	 with	 hypothetical	 eclogite-facies	 and	metasediments	 with	 a	 simple	 bulk	 chemistry.	262	
However,	 our	 approach	 does	 not	 consider	 some	 important	 and	 classically	 considered	 electron-263	
doner	elements	 (i.e.,	 Fe2+,3+,	 S−2,+6)	nor	do	we	consider	 the	 role	of	 alkali	metals	besides	Na+	 (K+,	264	
Rb+,	Cs+).	 Furthermore,	under	water-saturated	conditions	at	1000	 °C	and	1	GPa,	peridotites	and	265	
eclogites	would	likely	melt	(Grove	et	al.,	2006).	The	DEW	model	does	not	(presently)	take	melting	266	






pH	 as	 a	 function	 of	mineralogy	 are	 not	 only	 possible,	 but	 are	 predicted	 to	 be	 large	 (orders	 of	273	
magnitude	–	Fig.1a.d),	and	this	approach	has	been	further	reinforced	by	a	recent	study	employing	274	
a	 different	 (theoretical)	modeling	 approach	 (Galvez	 et	 al.,	 2016).	 Ergo,	 large	 changes	 in	 fO2	 are	275	
predicted,	which	is	consistent	with	empirical	data	and	conventional	understanding.	However,	we	276	




Our	 results	 show,	 that	nitrogen	can	occur	either	 in	a	neutral	or	positively	 charged	 state	at	high	281	

















and	 convert	 NH30	 to	 NH4+.	 For	 example,	 such	 reactions	 require	 coupling	 with	 a	 reaction	 that	298	
produces	H+	ions	during	subduction	(e.g.,	the	carbonation	of	calcium	shown	in	equation	7):		299	
	 Ca2+	+	CO2	+	H2O		=		CaCO3		+	2H+	 	 	 	 	 	 	 	 (7)	300	
Therefore,	we	can	model	the	incorporation	of	neutrally	charged	ammonia	into	K-bearing	minerals	301	
through	pH-dependent	reactions	such	as:	302	
	 𝑀𝑢𝑠𝑐𝑜𝑣𝑖𝑡𝑒 + 𝑁𝐻!!   +    𝐻!    =    𝑁𝐻!! −𝑀𝑖𝑐𝑎 +    𝐾!     	 (8)	303	
Because	some	carbonation	reactions	generate	H+	 ions	 (e.g.	Eq.7),	 the	pH	of	 fluids	 in	equilibrium	304	
with	eclogites	may	not	 inherently	destabilize	ammonium,	but	 instead	the	stability	of	ammonium	305	
over	 ammonia	 in	 nature	 may	 depend	 on	 the	 bulk	 chemistry	 of	 the	 more	 complex	 natural	306	






	 𝑀𝑢𝑠𝑐𝑜𝑣𝑖𝑡𝑒 + 𝑁𝐻!!      =    𝑁𝐻!! −𝑀𝑖𝑐𝑎 +    𝐾!      	 (9)			313	
	 11	
Our	data	also	show	that	fluid	mobilization	from	the	sedimentary	package	into	the	mantle	(eclogite	314	
or	 peridotite)	will	 result	 in	 transitions	between	N20,	NH30,	 and	NH4+,	where	 the	nature	of	 these	315	
transitions	will	vary	depending	on	whether	or	not	the	reaction	is	driven	by	pH,	fO2,	or	even	the	N	316	
concentration	 in	 the	 fluid	 (Fig.2-3).	 In	short,	 the	 fluid	pathway	and	bulk	compositions	 (i.e.,	 slab-317	




can	 out-gas	 +	 in-gas,	 some	will	 solely	 in-gas,	 and	 others	will	 solely	 out-gas	 nitrogen	 depending	322	
upon	the	bulk	rock	geochemistry	of	the	system.	We	argue	that	these	data	strongly	imply	that	cold	323	
subduction	 zones	 favor	 mass	 transfer	 of	 N	 into	 the	 mantle,	 but	 hot	 subduction	 zones	 do	 not	324	
(Fig.2).	 This	 notion	 partly	 explains	 why	 efforts	 to	 determine	 a	 global	 N	 flux	 using	 specific	325	





always	 be	 viewed	 as	 a	most	 dynamic	 chameleon	 element	whose	behaviour	 in	 aqueous	 fluids	 is	331	




The	 results	 discussed	 above	 have	 implications	 for	 the	 isotopic	 evolution	 of	 subducted	 nitrogen	336	
during	devolatilization	of	the	slab	and/or	mantle,	because	the	magnitude	and	direction	of	Δ15N	for	337	




and	direction	of	Δ15N	depends	on	upon	 the	coupled	 fO2-pH	conditions	 for	a	given	 temperature,	342	
which	 should	 not	 be	 considered	 uniform	 across	 different	mantle-wedge	 systems.	 Furthermore,	343	




the	 slab	 or	mantle	 is	 difficult	 to	 constrain.	 Importantly,	 if	 the	 reaction	 in	 question	 is	 Δ15NNH3-N2	347	
where	the	direction	is	for	a	15N-depleted	residuum,	this	may	explain	why	some	eclogitic	diamonds	348	
show	 mantle-like	 negative	 δ15N	 values	 alongside	 crustal	 organic	 carbon-like	 light	 δ13C	 values	349	
(Cartigny	et	al.,	1997,	1998).		350	
5.2	The	pH	of	mantle	fluids		351	
In	 low-temperature	 geochemistry,	 Eh	 and	 pH	 are	 both	 considered	 important	 variables	 for	352	
predicting	and	expressing	the	nature	of	given	chemical	environments	(i.e.,	for	a	recent	review	on	353	
low-T	nitrogen	see	Stüeken	et	al.,	2016).	Traditionaly,	only	Eh	 is	considered	 in	high	temperature	354	
geochemistry,	 and	 because	mineral	 charge-balances	 reflect	 the	 electron	 exchange	 where	most	355	
minerals	 receive	 their	 negative	 charge	 in	 the	 form	 of	 O-	 anions,	 this	 parameter	 is	 commonly	356	




ignored	 (see	 Sverjensky	 &	 Huang,	 2015).	 Because	 oxygen	 fugacity	 is	 considered	 of	 primary	361	
importance	 there	 have	 been	 numerous	 theoretical	 and	 empirical	 approaches	 to	 predicting	 and	362	
quantifying	the	fugacity	of	oxygen	 in	the	mantle	during	accretion	and	differentiation	(Wade	and	363	
Wood,	2005;	Wood	et	 al.,	 2006;	 Frost	 et	 al.,	 2008),	 in	upper	mantle	peridotites	 (Wood	&	Virgo	364	
1989;	Woodland	et	al.	1992;	1996,	2006;	Ionov	&	Wood	1992;	Canil	et	al.	1990;	Brandon	&	Draper	365	
1996;	 Cottrell	 and	 Kelley,	 2013;	 Rohrbach	 et	 al.,	 2007),	 lower	 mantle	 peridotites	 (Frost	 et	 al.,	366	
2004),	in	eclogites	(Simakov,	2006;	Stagno	et	al.,	2015;	Smart	et	al.,	2016),	in	the	mantle	wedge	of	367	
arc	 systems	 (Lecuyer	 and	 Ricard,	 1999;	 Parkinson	 and	 Arculus,	 1999;	Wood,	 et	 al.,	 1990),	 and	368	
within	other	telluric	bodies	in	the	Solar	System	(Herd,	2008).		369	
DEW	model	predictions	now	suggest	pH	should	also	be	considered	a	significant	dimension	in	high	370	
temperature	 mineralogical	 composition	 and	 mantle	 geochemistry	 (Sverjensky	 et	 al.,	 2014b;	371	
Sverjensky	&	Huang,	2015;	Mikhail	&	Sverjensky,	2014;	and	this	study),	although	other	modeling	372	
approaches	are	being	pioneered	that	have	lead	to	the	same	conceptual	conclusion	(Galvez	et	al.,	373	
2016).	 In	 hindsight,	 the	 importance	 of	 high	 temperature	 pH	 is	 not	 a	 surprising	 result.	 It	 is	well	374	
established	that	at	lower	temperatures	(<	ca.	400	°C)	fluid-rock	interaction	can	exert	large	shifts	in	375	






in	 equilibrium	 with	 peridotite-	 and	 eclogite-facies	 assemblages	 across	 several	 units,	 even	 for	381	
temperatures	up	to	1000	°C	(Fig.1b	&	d).	In	the	case	of	carbon	(Sverjensky	et	al.,	2014b;	Galvez	et	382	
al.,	 2016)	 and	 nitrogen	 (this	 study)	 the	 large	 pH	 shift	 as	 a	 function	 of	 mineral	 chemistry	 will	383	
significantly	affect	the	speciation	and	behaviour	of	these	important	elements	(in	the	mantle	and	in	384	
subduction	 zones),	 and	 should	 therefore	 have	 influenced	 which	 species	 of	 pH	 sensitive	385	
compounds	were	and	are	degassed	 into	planetary	surface	environments.	Finally,	our	 theoretical	386	
study	raises	several	pressing	questions:	387	














mafic	mineral	 assemblage	 and	 a	model	 carbonaceous	 eclogite-facies	mafic	mineral	 assemblage	402	
using	 the	DEW	model.	We	 find	nitrogen	 to	be	an	extremely	dynamic	element	whose	 speciation	403	
and	 behaviour	 is	 determined	 by	 a	 combination	 of	 temperature,	 pressure,	 oxygen	 fugacity,	 N	404	
concentration,	 and	 pH.	 Our	 modeling	 results	 show	 that	 increasing	 temperature	 stabilizes	405	
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Figure	 1:	 Calculated	 logfO2-pH	 diagrams	 for	 nitrogen	 speciation	 in	 supercritical	 aqueous	 fluids	639	
using	 the	 Deep	 Earth	 Water	 (DEW)	 model	 (see	 methods).	 The	 colored	 boxes	 show	 where	640	
predicted	compositions	of	upper	mantle	 (peridotite;	green),	mantle	wedge	 (arc	peridotite;	blue)	641	
and	 subducted	 oceanic	 crust	 (eclogite;	 orange)	 are	 predicted	 to	 plot	 under	 these	 fO2	 –	 pH	642	
conditions.	 The	 boundaries	 between	 nitrogen-species	 represent	 a	 range	 of	 total	 dissolved	643	
nitrogen.	For	the	purposes	of	examining	nitrogen	speciation	under	redox	conditions	appropriate	644	
to	silicate	mantles	with	a	peridotitic	bulk	composition,	we	have	expressed	the	 logfO2	relative	 to	645	
the	quartz-fayalite-magnetite	mineral	buffer	 (expressed	as	ΔQFM	 in	 log	units).	 The	 range	of	 fO2	646	






Figure	 2:	 Aqueous	 speciation	 of	 nitrogen	 in	 fluids	 in	 equilibrium	 with	 a	 model	 eclogite-facies	652	
mineral	assemblages	at	5	GPa,	and	QFM	-2,	and	temperatures	ranging	from	cold	to	hot	subduction	653	
zone	 conditions.	 (a)	 Jadeite	 +	 Pyrope	 +	 Kyanite	 +	 diamond	 in	 equilibrium	 with	654	





assemblages	 at	 5	 GPa,	 QFM	 -2,	 	 and	 temperatures	 ranging	 from	 cold	 to	 hot	 subduction	 zone	659	
conditions.	 (a)	 Forsterite	 +	 Enstatite	 +	 Pyrope/Clinochlore	 +	 diamond	 in	 equilibrium	 with	660	
fluid	containing	0.001	 m	 N,	 and	 (b)	 Forsterite	 +	 Enstatite	 +	 Pyrope/Clinochlore	 +	 diamond	 in	661	




Figure	 4:	 A	 cartoon	 showing	 the	 likely	 pathways	 followed	 by	 nitrogen	 during	 subduction.	 This	665	
cartoon	 illustrates	 that	 there	 are	 two	options	 for	 nitrogen,	 degassing	of	 neutrally	 charged	NH30	666	
and	 N20,	 or	 re-gassing	 of	 the	mantle	 with	 lattice-bound	 NH4+	 transported	 by	 the	mineralogical	667	
conveyer	 belt	 of	 K-bearing	 minerals	 shown	 as	 colored	 arrows	 (phengite,	 phlogopite,	 K-bearing	668	
clinopyroxene,	 Phase-X	 and	 K-Hollandite).	 The	 depth-related	 stability	 for	 the	 K-bearing	 phases	669	
shown	were	taken	from	Harlow	and	Davies	(2004).	670	
